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Abstract
The Japanese coastal areas have a lot of different types of coastal structures with different purposes, and it is important to
understand each structure’s effects on tsunami. In the present paper, the authors focused on detached breakwaters effects on
tsunami flow around coastal dykes with a field data investigation and laboratory experiments using a tsunami basin. The field
data obtained from the 2011 Tohoku Earthquake and Tsunami showed that tsunami flow was not uniform along a coastal dyke
with the specific arrangement of detached breakwaters. The laboratory experiments performed in a tsunami basin showed that a
detached breakwater with a small detached breakwater parameter (distance from the shoreline/length of the opening) had a
tsunami mitigation effect along the shoreline just behind the main body of the breakwater, but did not have a tsunami mitigation
effect along the shoreline just behind the opening. The results obtained from the laboratory experiments agreed with the field data
of the 2011 tsunami.
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1. Introduction
Coastal areas in Japan have experienced different types of coastal disasters, such as tsunamis, storm surges, high-
wave events, and coastal erosion problems. Hence, there are many coastal areas where different types of coastal
structures against these disasters coexist. For example, there are two different coastal areas in the affected areas
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during the 2011 Tohoku Earthquake and Tsunami: rias and plain coastal areas (Fig. 1). Generally speaking, rias
coastal areas have breakwaters for reducing usual wave effects on harbors and also have seawalls behind port areas
mainly for preventing inundation due to tsunamis; plain coastal areas have detached breakwaters for preventing
coastal erosion and also have coastal dykes mainly for preventing inundation due to storm surges.
Fig. 1. Typical rias and plain coastal areas in Tohoku.
During the 2011 Tohoku Earthquake and Tsunami, many coastal structures were severely damaged. In some of
these damaged structures, effects from other structures could be observed. The authors observed that the degrees of
coastal dyke damage behind the openings of detached breakwaters and those behind the main bodies of detached
breakwaters were quite different during their field surveys (Mikami et al. 2012). These actual examples highlight the
importance of clarifying possible effects on a structure from another structure during tsunami inundation. In addition,
from the point of view of multiple protection works against tsunamis, it is necessary to understand each structure’s
effects on tsunami inundation.
The previous works dealing with detached breakwaters and tsunamis mainly focused on detached breakwaters’
effects on tsunami run-up (Uda et al., 1986; Nakamura et al., 1998; Hanzawa et al., 2012a) and the stability of
concrete blocks in detached breakwaters (Hanzawa et al., 2012b). How detached breakwaters affect tsunami flow
around a costal dyke, especially horizontal characteristics of tsunami flow, has not yet been fully understood. Thus,
in the present study, the authors focus on detached breakwaters effects on tsunamis around coastal dykes with a field
data investigation and laboratory experiments using a tsunami basin.
2. Field data
Five examples of actual damage of coastal dykes which were located behind detached breakwaters during the
2011 Tohoku Earthquake and Tsunami were investigated based on aerial images and field survey reports. Three of
them are located in Miyagi Prefecture and two of them are located in Fukushima Prefecture. At each location, the
length of the detached breakwater, the length of the opening of the detached breakwaters, and the distance between
the shoreline and the detached breakwaters were measured on Google Earth, and a representative tsunami height was
selected from the dataset of The 2011 Tohoku Earthquake Tsunami Joint Survey Group (2012). A summary of this
field data investigation is shown in Table 1.
Table 1. Summary of the field data investigation.
Location Length of detachedbreakwater (m)
Length of
opening (m)
Distance from
shoreline (m)
Tsunami height
(m)
Differently
damaged
Shinchi, Fukushima 120 54 80 9.0 Yes
Soma, Fukushima 47 10 0 11.1 Yes
Yamamoto, Miyagi 150 40 50 8.4 Yes
Ishinomaki, Miyagi 155 40 150 6.4 No
Watari, Miyagi 150 45 200 7.6 No
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From this investigation, it was found that in Shinchi, Soma, and Yamamoto, the parts behind the openings and
behind the main bodies were damaged differently; however, in Ishinomaki and Watari, there was almost no
difference between these two parts. For example, as shown in Fig. 2, in Shinchi and Soma, the parts of the coastal
dykes behind the detached breakwaters’ openings were completely destroyed; however, in Ishinomaki, there was no
clear difference on the coastal dyke damage along the shoreline. This results indicate that tsunami flow is not uniform
along a coastal dyke with the specific arrangement of detached breakwaters.
Fig. 2. Aerial images of detached breakwaters from Google Earth: (a) Shinchi, (b) Soma, (c) Ishinomaki.
3. Laboratory experiments
Laboratory experiments were carried out in a tsunami basin at Waseda University in Japan (dimension: 9m long,
4m wide, and 0.5m high) with a scale of 1/50. Tsunami-like waves were generated by chambers with electrically
controllable valves on the side of the basin. Wave heights were controlled by the initial water level in the chambers,
varying from 40 to 80cm. The experimental layout used is shown in Fig. 3. In the tsunami basin, two detached
breakwater models (90cm long) made up of stones were placed on a slope of 1:10 and an onshore beach slope was
1:20. The velocity of the flow generated near the shoreline for both cases, with and without detached breakwater
models, was measured using current meters. The incident wave height was also measured at the point 2m offshore
from the edge of the 1:10 slope using a wave gauge. The length of the opening of the detached breakwater models
(lo) and the distance between the shoreline and the detached breakwater models (ld) were changed to test the
sensitivity of detached breakwater arrangement on tsunami flow. Each of the experimental conditions was repeated
2 or 3 times to ensure accurate results. A summary of all the experimental conditions (31 cases) that were considered
is shown in Table 2.
Figs. 4 and 5 show the results of the experiments. In these figures, the results are plotted using a non-dimensional
detached breakwater parameter ld/lo and non-dimensional velocities Vo’ and Vb’. Vo’ is the measured maximum
velocity with detached breakwater models divided by the measured maximum velocity without detached breakwater
models behind the opening. Vb’ is the measured maximum velocity with detached breakwater models divided by the
measured maximum velocity without detached breakwater models behind the main body of the detached breakwater
model. The color of the plots in the figures illustrates the measured incident wave height for each case. hm is the
height in a model scale and hp is the height in a prototype scale.
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Fig. 3. Experimental setup.
Table 2. Summary of the experimental conditions.
No. Length of
opening lo (cm)
Distance from
shoreline ld (cm)
Initial water level
in chambers (cm)
1 20 50 80
2 20 100 80
3 20 150 80
4 70 50 80
5 70 100 80
6 70 150 80
7 20 50 60
8 20 100 60
9 20 150 60
10 70 50 60
11 70 100 60
12 70 150 60
13 20 50 40
14 20 100 40
15 20 150 40
16 70 50 40
17 70 100 40
18 70 150 40
19 40 150 50
20 120 50 50
21 20 120 50
22 20 120 70
23 40 150 70
24 20 50 70
25 40 50 70
26 120 50 70
27 40 75 70
28 20 75 50
29 40 75 50
30 70 75 50
31 120 75 50
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Fig. 4. Experimental results (velocity behind the opening of the detached breakwater models).
Fig. 5. Experimental results (velocity behind the main body of the detached breakwater model).
Fig. 4 shows that the velocity behind the opening does not change so much by the detached breakwaters. On the
other hand, Fig. 5 shows that the velocity behind the main body becomes lower when the detached breakwater
parameter (ld/lo) is small. These results indicate that if the detached breakwater parameter is small, the velocity
distribution along the shoreline is not uniform, which may make a coastal dyke damaged differently along the
shoreline. Actually, in Fig. 5, the detached breakwater parameters of Shinchi, Soma, and Yamamoto cases are
included in the area shaded in blue (0 ≤ ld/lo ≤ 1.48), and those of Ishinomaki and Watari cases are included in the
area shaded in red (3.75 ≤ ld/lo ≤ 4.44). Thus, it can be said that if the detached breakwater parameter (ld/lo) is small,
the detached breakwater has a tsunami mitigation effect along the shoreline just behind the main body, but does not
have a tsunami mitigation effect along the shoreline just behind the opening.
According to the Coastal Statistics of Japan, the total lengths of coastal dykes and detached breakwater along the
Japanese coast are 2777km and 870km, respectively as of March 2013. Based on what has been learned from the
2011 Tohoku Earthquake and Tsunami, it is necessary to investigate how detached breakwaters affect tsunami flow
in each coastal area.
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4. Conclusions
In the present study, the authors focused on detached breakwaters effects on tsunami flow around coastal dykes.
The field data obtained from the 2011 Tohoku Earthquake and Tsunami showed that tsunami flow was not uniform
along a coastal dyke with the specific arrangement of detached breakwaters. The laboratory experiments performed
in a tsunami basin showed that a detached breakwater had a tsunami mitigation effect along the shoreline just behind
the main body of the breakwater with a small detached breakwater parameter (ld/lo). These results obtained from the
field data investigation and the laboratory experiments coincide. However, in order to formulate a clear relationship
between the conditions of detached breakwaters and tsunami flow, it is still necessary to perform more laboratory
tests.
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